I. INTRODUCTION
The ecological and physiological literature contain several reports concerning the caloric value and chemical composition of the body of mammals. In most cases, however, the results are based on the limited number of animals usually captured at one time (G o 11 e y, 1961; Pitts, 1960; Wipple et al. 1963 ; Myrc h a, 1968). Only Górecki (1965) took into consideration, at least partially, seasonal changes in the body caloric value of five species of small rodents. One of the first attempts to compare the chemical composition of the rodents body in summer and winter was made by Ha y war d (1965) who employed several geographical races of Peromyscus.
More recently Sawicka-Kapusta (1968) investigated changes in the fat content in the body of Apodemus flavicollis (M e 1-c h i o r, 1834) during four seasons of the year. In general, however, there is stiil a great demand for systematic studies on the seasonal changes of the discussed indices which are very important in the estimation of productivity in populations of small mammals.
For these reasons it was decided to determine changes in the caloric value as well as in the water and fat contents of the body in 3 species of the shrew during the annual cycle. ^
II. MATERIALS AND METHODS
The caloric value and water and fat contents were measured in the bodies of 127 specimens of Sorex araneus Linnaeus, 1758, 77 specimens of Sorex minutus Linnaeus, 1758, and in 38 specimens of Neomys fodiens (Pennant, 1771) captured in the area of Kampinoski National Park (52°20' N, 20°50' E) as well as in 95 specimens of S. araneus captured in Piska Primeval Forest in the Krutyń region (53°30' N, 21°20' E). The trapping in Kampinoski National Park was carried out from April 1967 till March 1968 while in Piska Forest only in May, June, and October 1967. In both cases the Insectívora were trapped in the biotope of Pino--Quercetura Kozłowska, 1925, and Vaccinio myriilli-Pinetum
Br. -B1. et Vlieger 1939. For trapping mainly snap-traps were used with the exception of winter and early spring in Kampinoski National Park where live-traps and cylinders were also employed. Traps were usually inspected twice a day (morning and evening) but in winter only in the morning. Since various types of traps did not produce any statistically significant changes in the studied parameters the whole collected material was analysed together.
Animals supplied to the laboratory were immediately weighted and after sex determination and elimination of pregnant and lactating females the bodies were dried in a vacuum oven in 40-50°C to a constant weight. From the weight difference before and after drying the body water content was calculated. All the dried carcasses were ground fine in an electric grinder.
The caloric indices were determined by combusting 0.4-1.0 g samples in the Berthelot type calorimeter KL-3. From the results were obtained the caloric value of 1 g of dry mass (W q ), caloric value of 1 g dry mass without ash (Wg A _ F ) as well as caloric value of 1 g of biomass were computed.
The ash content in the sample, required for determination of Wg A _ F , was calculated from the difference of weights of crucibles before and after combustion in the calorimeter. The fat content in the bodies of all animals was measured by the method of Puzanov, or Badun and Hanno n, or Besson (Krauze et al. 1966 ). This method depends on the double extraction of the material placed in glass vessels with bottoms made of porous, sintered glass. The extraction is carried out at first with vapours of petroleum ether containing 10% ethyl alcohol, and later with the condensed solvent. The time of extraction (3 hr) was established experimentally. With a longer extraction the sample weight after drying remained constant.
For all the indices the mean monthly values were calculated and characterized by the confidence intervals based on the variable i. Since no statistically significant differences related to sex were found among the analysed values (Student's i-test for the difference between the mean of two independent groups) the material was treated as a whole. The minimum and maximum average monthly values of all the indices calculated for S. araneus and S. minutus trapped in Kampinoski National Park were compared by Tukey's test. Fig. 1 ). The lowest figures were recorded for animals trapped during summer months (July, August) or in early autumn (September, October). Later the value of Wg for S. araneus rises steadily with a maximum in April. In subsequent months this value decreases till September, at first slowly, and later more abruptly. The difference between the September minimum and April maximum is statistically significant (Tukey's test). 
III. CALORIC EQUIVALENTS

IV
October higher in specimens trapped in northern Poland as compared with the animals living in Kampinoski National Park. These differences are statistically significant (Student's t-test).
The caloric value of 1 g of the body dry mass changes in the annual cycle within a more narrow limit in S. minutus than in S. araneus (Table 1 , Fig. 1 ). The minimum was observed in September (4875.8 cal/g) with a rise in two consecutive months to the highest value in November (5157.7 cal/g). From that moment a slow decrease begins and continues till September. The difference between the minimum and maximum average monthly Wg value in S. minutus is statistically not significant (Tukey's test).
Due to the limited amount of material it was impossible to investigate changes in the caloric value of the body dry mass in N. fodiens in the full annual cycle. The obtained data (Table 3 ) suggest, however, that the course of these changes is slightly different than in the discussed above two representatives of the Sorex genus. The maximum caloric value of the body dry mass in N. jodiens was recorded in June with a trend to constant decrease in subsequent months. Animals trapped in April showed the lowest caloric index of the body dry mass. Moreover N. jodiens is characterized by generally lower Wg values comparing with S. araneus and S. minutus. This value depends on the caloricity of the body dry mass from one side and the content of mineral constituents on the other.
In all three studied species the course of the seasonal changes of Wg A -F is very similar to that of the caloric value of 1 g body dry mass of these animals ( Table 1, 2 & 3, Fig. 1 ). In this case however, slightly bigger variations are observed between average monthly values of the discussed index. Also the statistical analysis showed the existence of significant differences between the autumn minimum (October) and spring maximum (April) in S. araneus. On the other hand, no statistically significant differences were found between the extreme mean monthly Wg A _ F values calculated for S. minutus. Fig. 1 ). The minimum value was recorded for animals trapped in July but in consecutive months it increased reaching the maximum in Fe-bruary. During the whole spring till midsummer this value systematically decreases. The difference between the minimum (July) and maximum (February) caloric value of 1 g of biomass in S. araneus is statistically significant.
The caloric value of fresh tissue of S. araneus trapped in Piska Primeval Forest in May, June and October deviates from the figures given above for this species in Central Poland. They are much more close to the value of this index in S. minutus ( Table 2) .
The caloric value of 1 g of biomass in S. minutus fluctuates in the annual cycle within a broader range than in S. araneus (Table 1 , Fig. 1 ). The minimum mean monthly value was found for animals trapped in May (1309.8 cal/g). In subsequent months the caloric equivalent of fresh tissue in S. minutus rises during summer and autumn. The broad plateau is observed between November and March with a maximum in January (1851.5 cal/g). In the two consecutive spring months the caloric value of 1 g of biomass in S. minutus abruptly decreases. Statistical analysis (Tukey's test) showed existence of significant differences between the extreme monthly average values of # this index in S. minutus.
N. fodiens is generally characterized by the caloric values of biomass similar to the other representatives of Soricidae (Table 3) .
IV. BODY WEIGHT
Changes in the body weight of S. araneus and S. minutus in the annual cycle show a similar course (Table 4 ). In both cases the body weight of animals trapped in summer is fairly constant. Variations observed in this period result from the non-homogenous age composition of particular samples. The autumn-winter depression of the body weight appears since October in both species with return to normal values in spring. In S. minutus the spring increase in the body weight appeared slightly earlier than in S. araneus and continued one month longer.
The collected data are not sufficient to follow changes in the body weight of N. fodiens in the annual cycle (Table 3) . It is possible to conclude, however, that the body weight of animals trapped in summer and early autumn remains on a constant, rather low level. It is also clear that in N. fodiens a marked increase of this index occurs in spring.
V. SEASONAL CHANGES IN THE BODY WATER CONTENT
The relative (percentage) water content in tissues of S. araneus trapped in Kampinoski Primeval Forest varies between 66.8% (February) and 71.9% (June) (Fig. 2) . A high hydration of the body of studied ani- mals persists during the whole summer period. On the other hand, in autumn and winter a steady and even decrease of this index is observed. After reaching a minimum in February the water content in tissues of S. araneus begins to rise quickly and it continues during the whole spring. The difference between the minimum and maximum average monthly value of this parameter is statistically significant (Tukey's test).
The relative hydration of tissues in S. minutus varies in the annual cycle within a broader range than in S. araneus (Fig. 2) . The highest value of this index is observed in May (74.2%). During the whole summer, autumn and winter the per cent of body water content in S. minutus decreases with a minimum occurring in January and February (64.8%). From this moment a rise in the relative tissue hydration in this species occurs, at first slowly, and then more rapidly. The difference between the minimum and maximum mean monthly value of this index is statistically significant (Tukey's test).
The relative water content in tissues of N. jodiens (Fig. 2) varies in a similar range as in the two other species. Also in this case the highest body hydration is observed in spring whereas in summer and early autumn a steady and rather significant decrease appears.
The body water content in the discussed three species of Soricidae, expressed in absolute units, fluctuates in the annual cycle in parallel to the alterations of body weight of these animals (Tables 2, 3 & 4).
VI. SEASONAL CHANGES IN THE BODY FAT CONTENT
Changes in the relative and absolute amount of the ether extract from bodies of S. araneus deriving from Kampinoski Primeval Forest show a similar course in the annual cycle (Table 4 , Fig. 2 ). During summer these indices remain on a constant level. Starting from early autumn (September) their values systematically increases till a maximum in January. On the other hand in February both indices abruptly decrease reaching a minimum already in March. During remaining two spring months these values rise approaching in May the summer level. The differences between the minimum and maximum average monthly values of the relative and absolute fat content in S. araneus are statistically significant (Tukey's test). Both the relative and abolute fat contents in the body of S. araneus trapped in Piska Primeval Forest are in all the studied months slightly higher than in animals living in Central Poland. These differences are statistically significant (Student's t-test).
The course of seasonal changes in the relative and absolute body fat contents of S. minutus is slightly different than in S. araneus (Table 4 , Fig. 2 ). The minimum average monthly value of these indices was observed in October and maximum in December. The differences between these extreme values are statistically significant (Tukey's test). N. fodiens contains the least amount of adipose tissue (Table 3) in early spring (March). But already in the next month the fat content (both relative and absolute) in the body of these animals rapidly rises and remains on a fairly high level during spring months. On the other hand, in summer (August) the index of body fatness in N. fodiens is very low and increases only in autumn.
VII. DISCUSSION
The results presented above indicate great seasonal differences in the caloric value of the body of three analysed Soricidae species. G o r e cki (1965) investigated, among others, the caloric value of the body of •S. araneus in three seasons of the year. He found that the caloricity of the body dry mass in this species remains during all the year on a relatively low level (4449.17 -4682.73 cal/g). In the present study the range of fluctuations was broader and the caloric equivalent of the body dry mass in S. araneus was slightly higher. This results from the fact that Górecki (1965) in his studies did not take into consideration the full annual cycle and did not find the apparent minimum (September), and maximum (April). The caloric value of the body dry mass of S. minutus is more constant and fluctuates within closser limits. On the other hand, the range of variations between the average monthly values of this index in N. fodiens is broader and remains within limits similar to rodents (G o 11 e y, 1961; Davis & Golley, 1963; Górecki, 1965) .
In analogous manner the caloric value of 1 g of biomass in the studied shrews changes in the annual cycle in broader range than that reported by Górecki (1965) .
For the computation of net productivity of the S. araneus population Górecki In the case of N. fodiens the collected data allow to calculate only the mean value of this index for spring and summer (March, April, June, August, September) -equal to 1.503 kcal/g. But already in October N. fodiens shows a lower caloric value of 1 g of biomass (1.380 kcal/g). The mean value of this index computed for all the measurements in N. fodiens amounts to 1.472 kcal/g and thus is very similar to the annual mean calculated for S. araneus.
The caloric value of 1 g of biomass in the studied Soricidae depends mainly on the degree of tissues hydration (Fig. 3) and is inversely proportional to changes in the relative content of the body water in these animals. The correlation coeficients calculated both for S. araneus (r = -0.96), S. minutus (r = -0.86), N. fodiens (r = -0.66), and in general for all three species (r = -0.98) are very high and statistically significant. In the case of Soricidae, in contrast with rodents (G ó r e ck i, 1965), seasonal changes in the body water content in these animals enhance the seasonal variability of the caloric value of 1 g of biomass.
WATER X
On the other hand, the alterations in caloricity of the fresh tissue of Insectívora are independent of the body fat content (Fig. 4) . Although the relative and absolute amount of the body fat in the analysed species change in the annual cycle, these variations are smaller than those of the water content and therefore they exert only a slight effect on the value of caloric equivalent of the biomass of Soricidae. The correlation coefficients between the caloricity of 1 g of biomass in these animals and the body fat content are statistically non-significant. These results (Fig. 5 ) and the correlation coefficients between these indices do not show statistical significance.
WATER %
The fat content in the body of studied Soricidae is not too high and remains in a lower region of typical figures for rodents (Pace & Rath bun, 1945; Pitts, 1960 Pitts, , 1962 ; H a y w a r d, 1965; Sawicka-K a p u s t a, 1968). This is associated with the fact, that shrews in natural conditions do not accumulate the reserve fat in another form than the brown adipose tissue {BAT) and they show a certain degree of fatness only during laboratory breeding (Puce k, 1964). The ether extract from the body of Soricidae contains mainly lipids from the central nervous system and brown adipose tissue. From the study by M. Pu cek (1965) it appears that seasonal changes in the weight of the brain in Soricidae are related mainly to the water content while the absolute amount of lipids in this organ shows only negligible variations. On the other hand, Z. found that in S. araneus the weight of BAT expressed in per cent of body weight is highest in winter and lowest in summer. In the present study a higher fat content in the animal body was also observed in winter than in summer. Hence one can conclude that these differences are due to seasonal changes in the amount of BAT. Shrews, showing very high metabolism, have particularly great energy expenses in winter (G^bczynska & G^b-czynski, 1965 ; G^bczyriski, 1965) because of a low external temperature, and in spring, due to a marked increase of the body weight. At least part of these additional winter and spring energy requirements is probably covered by the utilization of BAT accumulated in autumn.
The fat content in the body of S. araneus is highest in January (0.387 g) and decreases till March (0.080 g) by 80%. In S. minutus this regression continues from December to March and exceeds 50% of the reserve fat. These differences indicate rather intensive utilization by Soricidae of the energy reserves comprised in BAT.
The weight of BAT reported by Z. is markedly lower than the value obtained by the extraction of lipids from the bodies of these animals. This is probably due to the fact that the ether extract contains also some lipids from the central nervous system, and on the other hand, analysed only the weight of BAT in the interscapular area.
The already mentioned phenomenon of seasonal changes of the body weight of Soricidae was described by Dehnel (1949) and others (for references see Pucek, 1963 Pucek, , 1964 . It represents probably one of the mechanisms helping to survive such unfavourable period as winter. Dehnel (1949) suggested already that both the winter depression and spring rise in the body weight of shrews result mainly from changes in the body water content. The body weight of S. araneus decreases by 1.02 g between October and February. Simultaneously the amount of water in tissues is reduced by 0.86 g what corresponds to 84.3% of the body weight drop. In the period of spring rise in the body weight ob-served between February and April (2.20 g) the water content in the body of S. araneus increases by 1.77 g. This figure constitutes over 77% of a change in the body weight. A similar course in the described phenomenon was found in S. minutus. The body weight decreases by 1.42 g between August and January, and at the same time the water content falls by 1.02 g. In the period October-January both the body weight of S. minutus and water content in tissues are reduced by 0.31 g. The increase in the body weight of S. minutus during spring is related mainly to hydration of tissues. The accumulation of water is responsible for 82.3% of the body gain observed in this animal during spring months till May.
Similarly the seasonal changes of the body weight in N. jodiens may be attributed to marked differences in the tissue water content. The body weight in N. fodiens increases between March and April by 4.98 g while the amount of water goes up by 4 .06 g what corresponds to 81.5% of the body weight gain.
The discussed above seasonal differences in the hydration of tissues in Soricidae may be also regarded as an adaptive mechanism enabling the animals to survive difficult periods. The decreased water content in tissues probably leads to the reduction of cellular metabolism. This supposition is confirmed by the high degree of body hydration in young animals as well as by the reduced amount of tissue water in animals hibernating during unfavourable periods of the year (A r e s e v a et ah, 1968; Myrcha & Walkowa, 1968) .
